INTRODUCTION
============

Correlations between the development of the base of the skull and maxillofacial components have been demonstrated in facial development studies.[@B01] ^-^ [@B04] The morphology of the base of the skull may be an important factor in the anteroposterior relationship of the maxilla and mandible as well as in determining Class III malocclusion.[@B05] ^,^ [@B06] ^,^ [@B07]

Class III malocclusion results from a combination of morphological abnormalities of the base of the skull, maxilla and mandible as well as in vertical facial dimensions.[@B05] ^,^ [@B08] ^-^ [@B11] Morphological variability in the craniofacial complex of individuals with Class III sagittal relationship suggests the influence of the base of the skull in the development of this type of malocclusion. Individuals with greater flexure of the base of the skull angle reveal a reduction in the horizontal dimension of the middle cranial fossa, with a consequent tendency toward nasomaxilllary retrognathism, a more forward positioning of the mandible and a prognathic craniofacial profile.[@B12] Moreover, a lower angle between the ramus of the mandible and the base of the skull, a smaller and more retrognathic maxilla and a larger and more prominent mandible can lead to Class III malocclusion associated with Class III facial pattern.[@B11] ^,^ [@B13]

The development of the craniofacial complex in patients with cleft lip and palate has been studied in an attempt to establish the mechanisms and determinant factors of facial development in such individuals. A number of studies state that the base of the skull is intrinsically different in shape and size in patients with cleft lip and palate.[@B14] ^-^ [@B18] This difference may affect the growth and positioning of facial structures, with an increased flexure of the base of the skull, thereby favoring the development of a Class III skeletal relationship. Nevertheless, other studies report that individuals with cleft lip and palate do not present significant differences in the base of the skull of which development is normal.[@B19] ^,^ [@B20] ^,^ [@B21] Abnormalities in intermaxillary and interalveolar sagittal relationships in such patients may stem primarily from a reduction in the depth of the maxilla, with no changes in the rotation or length of the ramus of the mandible.[@B22] Thus, the anteroposterior deformities often found in such individuals may actually result from surgical trauma, adaptive changes or a combination of both.

The literature does not reach a consensus regarding base of skull morphology in patients with unilateral cleft lip and palate. Additionally, there is considerable lack of current studies on this subject. For this reason, the aim of the present study was to compare the morphology of the base of the skull in individuals with unilateral cleft lip and palate and Class III malocclusion with control individuals with Class I and Class III malocclusion.

MATERIAL AND METHODS
====================

This study was approved by the Catholic University of Minas Gerais Institutional Review Board (PUC-MG) under protocol CAAE - 0012.0.213.000-07.

Sample
======

The sample comprised 89 lateral cephalograms collected from the files of PUC-MG Dental Research Center and the Cleft Lip/Palate Care Center of Baleia Hospital and PUC-MG (CENTRARE). All cephalograms were taken from male and female patients at orthodontic treatment onset. Patients were aged between 5 and 27 years old (mean = 12.9; median = 12.0).

The sample was divided into three study groups: 1 - Control group comprising 32 cephalograms of Class I individuals with no history of orthodontic treatment; 2 - Group 2 comprising 29 cephalograms of Class III individuals with no history of orthodontic treatment; and 3 - Group 3 comprising 28 cephalograms of nonsyndromic, unilateral cleft lip/palate Class III individuals having undergone correction for cleft lip/palate at an early age (lip surgery at a mean age of 6 months, and palate surgery at a mean age of 18 months).

Measurement methods
===================

Cephalometric tracings were performed manually on acetate paper and based on patients\' cephalograms. All tracings were performed by a single calibrated examiner. Intraexaminer agreement was assessed by paired Student\'s t-test. Linear and angular measurements were performed on two separate occasions with a 10-day interval in between. The p-value generated by the paired Student\'s t-test was 0.446 for linear measurements and 0.392 for angular measurements, thereby demonstrating no significant differences between measurements taken on the two different occasions.

The cephalometric landmarks used in the present study were as described by Jacobson:[@B23] sella (S), nasion (N), basion (Ba), A-point (A), condyle (Co), gnathion (Gn), posterior clinoid process (Cl) and sphenoid (Sp). Linear (S-N, S-Ba, Co-A, Co-Gn, Ba-Cl, Sp-Cl, Ba-Sp and Cl-I) and angular (Ba.S.N, Ba.Cl.Sp, Cl.Ba.Sp and Cl.Sp.Ba) measurements were taken as shown in[Figure 1](#f01){ref-type="fig"}. The height of the base of the skull (Cl-I) was measured by the distance of a straight line from Cl and S landmarks and a point intercepting the greater wing of the sphenoid bone at a point established as point I (I) ([Fig 1](#f01){ref-type="fig"}).

Figure 1 -Cephalometric landmarks, linear and angular measurements.

Data analysis
=============

Statistical Package for Social Sciences (SPSS for Windows, version 19.0, SPSS Inc., Chicago, IL, USA) was used for data analysis. Initially, the three groups were analyzed with regard to age. As Shapiro-Wilk test determined that this variable was not normally distributed, Kruskal-Wallis test was used and revealed significant differences among the three groups with regard to age(P = 0.032).

Conversely, Shapiro-Wilk test determined that linear and angular measurements were normally distributed, for this reason, analysis of covariance (ANCOVA) was used for statistical analysis of data. Analysis of covariance is justified by the potential interference of age in the mean linear and angular measurements. In cases of significant differences among groups, Bonferroni correction was used to identify in which groups the difference was found. To prevent errors arising from multiple comparisons, the significance level (0.05) was divided by the number of comparisons;[@B24] thus, p-values less than 0.017 were considered statistically significant (0.05 divided by 3).

RESULTS
=======

[Table 1](#t01){ref-type="table"} displays the angular measurements in the three groups. The cleft lip/palate group had intermediate measurements of the base of the skull that ranged between the control and Class III groups. No significant differences were found between the cleft lip/palate group and the control group (Class I). The cleft lip/palate group significantly differed from the Class III group only with regard to CI.Sp.Ba (P = 0.015). Significant differences in Ba.S.N, Ba.CI.Sp and CI.Sp.Ba were found between the control (Class I) and Class III groups. The lowest Ba.S.N was found in the Class III group, thereby indicating greater flexure of the base of the skull angle in comparison to the other groups ([Fig 2](#f02){ref-type="fig"}).

Table 1 -Mean angular measurements in different groups.GroupsP-value\*VariableControl (G1)Class III (G2)Cleft (G3)Comparison between groupsMean ± SDMean ± SDMean ± SDG1 x G2G1 x G3G2 x G3Ba.S.N130.1 ± 5.0125.6 ± 4.5127.9 ± 5.00.0020.0010.2750.192Ba.Cl.Sp114.7 ± 6.9108.5 ± 6.9113.2 ± 5.20.0020.0021.0000.037Cl.Ba.Sp 23.4 ± 2.6 25.2 ± 2.8 24.3 ± 2.70.080\-\--Cl.Sp.Ba 42.1 ± 5.3 46.3 ± 5.5 42.5 ± 3.60.0030.0041.0000.015[^1]

Figure 2 -Ba.S.N angular measurements demonstrating flexure of the base of the skull angle.

[Table 2](#t02){ref-type="table"} displays the linear measurements in the three groups. Mean Co-A (maxilla) was greater in the control group (Class I) (90.8 mm) and lower in the cleft lip/palate group (85.1 mm). This difference was statistically significant (P \< 0.001). Considering a p-value lower than 0.017 as statistically significant (as determined by Bonferroni correction), no significant difference was found between the Class III group and the cleft lip/palate group (P = 0.032). Mean length of the mandible (Co-Gn) was greater in the cleft lip/palate group (116.3 mm) in comparison to the other groups. However, this difference was not statistically significant. While no significant differences were found with regard to angular measurements, the linear measurements of the base of the skull were lower, except for S-N and Ba-Sp.

Table 2 -Mean linear measurements in different groups.GroupsVariableControl (G1)Class III (G2)Cleft (G3)P-value\*Comparison among groupsMean ± SDMean ± SDMean ± SDG1 x G2G1 x G3G2 x G3S-N 70.4 ± 5.1 68.5 ± 4.2 71.4 ± 4.9 0.591\_\_\_S-Ba 46.5 ± 3.0 45.9 ± 3.0 45.3 ± 4.0 0.0491.000 0.1130.082Co-A 90.8 ± 7.8 86.1 ± 6.0 85.1 ± 7.0\< 0.0010.208\< 0.0010.032Co-Gn114.7 ± 9.7114.6 ± 10.9116.3 ± 9.7 0.0290.050 1.0000.069Ba-Cl 49.4 ± 3.6 49.2 ± 3.2 48.1 ± 4.5 0.051\-\--Sp-Cl 29.3 ± 2.5 29.5 ± 2.7 29.1 ± 2.9 0.726\-\--Ba-Sp 66.8 ± 3.5 64.3 ± 3.6 64.9 ± 5.5 0.072\-\--Cl-I 25.1 ± 2.6 25.9 ± 2.4 24.6 ± 3.2 0.0280.191 1.0000.027[^2]

DISCUSSION
==========

In the present study, no significant differences were found with regard to the linear measurements of the base of the skull (S-Ba, Ba-Cl, Sp-Cl, Ba-Sp and Cl-l) (P \> 0.017), even though they were lower in the cleft lip/palate group in comparison to control (Class I). These results are in agreement with others studies[@B17] ^,^ [@B20] ^,^ [@B25] reporting that shorter measurements may be attributed to the small body children with cleft lip/palate normally have.

No significant differences were found for S-N among groups; however, mean S-N was greater in the cleft lip/palate group in comparison to the other groups. This is in disagreement with others studies[@B15] ^,^ [@B16] ^,^ [@B26] ^,^ [@B27] ^,^ [@B28] reporting lower S-N in children with cleft lip and palate, thereby suggesting a relative difference in the craniofacial morphology of such individuals. Nevertheless, the majority of the aforementioned studies included individuals with different types and degrees of cleft lip and palate, which may explain the divergent findings.

Significant difference was found in Co-A between the control (Class I) and the cleft lip/palate group (P \< 0.001), as the former had the greatest whereas the latter had the shortest measurement among the three groups, thereby suggesting a deficiency in the effective length of the maxilla in this group. This result is in agreement with other studies[@B29] ^-^ [@B33] reporting the effect of surgical procedures on the anteroposterior growth and development of the maxilla in children with cleft lip and palate due to the formation of fibrous scar tissue at the surgery site. However, it is not yet clear whether maxillary retrognathism may also be related to intrinsic development deficiencies in such individuals. In some studies,[@B25] ^,^ [@B34] ^,^ [@B35] the maxilla of individuals with cleft lip and palate was reduced in size in both operated and non-operated groups, thus suggesting that maxillary retrognathism may not be related to surgical procedures only, but may also be due to intrinsic factors of the condition itself.

No statistically significant difference was found with regard to the linear measurement of mandibular length (Co-Gn) (P \> 0.017), which is in agreement with other studies[@B21] ^,^ [@B25] ^,^ [@B26] ^,^ [@B36] ^,^ [@B37] reporting that the mandible of individuals with cleft lip and palate is equal in length to that of individuals without this condition. Likewise, no significant differences were found between the control and the Class III malocclusion group, which is in disagreement with other studies[@B09] ^,^ [@B10] concluding that mandibular length progressively increases with age of Class III individuals.

No significant difference was found in the base of the skull angle (Ba.S.N), particularly between control and cleft lip/palate group (P = 0.275). This is in agreement with previous studies[@B16] ^,^ [@B19] ^,^ [@B20] ^,^ [@B25] ^,^ [@B27] reporting that the malocclusion found in this group is much more the result of maxillary retrognathism caused by surgical trauma than the presence of a more flexed base of the skull, thereby determining the emergence of mandibular prognathism. However, significant differences were found between the control and the Class III malocclusion group, with a smaller angle in the latter group (125.6^o)^. Other studies[@B08] ^,^ [@B10] ^,^ [@B38] ^,^ [@B39] also report that Class III individuals have morphological abnormalities in the craniofacial complex, with a reduction in the angle formed by the anterior and posterior segments of the base of the skull. The posterior base of the skull (S-Ba) exerts significant influence in the emergence of mandibular prognathism. This mandibular rotation caused by reduction in the angle may indicate an increase in the length of the linear measurement Cl-I due to the base of the skull being represented by a triangle in this study. Thus, the greater height of the base of the skull in Class III individuals may be the consequence of greater flexure of this structure.

No significant differences were found between the control and the cleft lip/palate group regarding the angular measurements of the base of the skull (Ba.Cl.Sp, Cl.Ba.Sp and Cl.Sp.Ba), thereby confirming absence of morphological differences between the two groups. However, significant differences in Ba.Cl.Sp and Cl.Sp.Ba were found between the control and the Class III malocclusion group, thereby demonstrating morphological differences in the craniofacial complex of these two groups.

Based on the results of this study it is reasonable to assert that, the base of the skull in individuals with unilateral cleft lip and palate does not differ significantly from that of individuals with Class I malocclusion; its development is, therefore, normal. In contrast, craniofacial morphology in individuals with Class III malocclusion differs significantly from that of individuals with Class I malocclusion, thereby suggesting that structural alterations in this morphology may influence the emergence of Class III malocclusion.

CONCLUSION
==========

No significant differences in the base of the skull of Class I or Class III individuals and cleft lip/palate individuals with Class III malocclusion were found. Results suggest that Class III malocclusion in cleft lip/palate patients might be associated with the length of the maxilla, only.
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[^1]: Analysis of covariance adjusted for age. SD= standard deviation; G1= group 1; G2= group 2; G3= group 3. Bonferroni correction= P \< 0.017; p-values in bold significant at 0.017.

[^2]: Analysis of covariance adjusted for age. SD= standard deviation; G1= group 1; G2= group 2; G3= group 3. Bonferroni correction = P \< 0.017; p-value in bold significant at 0.017.
